The aim of this study was to systematically review literature reporting on the use of external distraction osteogenesis (DO) and internal DO in the treatment of severe maxillary hypoplasia in cleft and palate patients. Literature research has been performed using the PubMed database of the National Library of Medicine and National Institutes of Health from 1966 to August 2007. We used cleft lip and palate and distraction osteogenesis as key words. Of the 104 articles found, we only considered the Anglo-Saxon literature, which reported on the correction of the maxillary hypoplasia with DO techniques. A total of 32 studies reported on anteroposterior external DO (27 studies on rigid external device and 5 on face mask), 17 studies reported on anteroposterior internal DO, and 3 studies reported on transverse internal DO have been retained for this review. Despite the heterogeneity and methodological limitations of most of the studies, results showed that external DO with rigid external device and internal DO resulted to be a more reliable and accurate technique than the face mask in the management of severe maxillary hypoplasia in patients with cleft lip and palate. The current review demonstrated that external and internal DO in the treatment of severe maxillary hypoplasia in cleft and palate patients (1) is a reproducible and valuable alternative to standard orthognathic surgery procedures, (2) allows for a global improvement in facial aesthetic, (3) allows a maxillary correction in patients during the period of mixed dentition, and (4) allows either for an unchanged or better velopharyngeal function.
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Key Words: left lip and palate, distraction osteogenesis, maxillary hypoplasia T he maxillary growth impairment, which is often presented by patients with cleft lip and palate (CLP), can result in serious skeletal and/or dental pathological conditions in all 3 planes of space (vertical, horizontal, and transverse). Anteroposterior maxillary retrusion associated with a relative class III malocclusion as well as unilateral or bilateral palatal collapse of the lesser segment of the maxilla producing a narrowing of the dental arch is probably the most recurrent and challenging problem to deal with. 1Y6 Moreover, as a result of severe maxillary hypoplasia, the mandible often undergoes an anterior and superior autorotation with subsequent overclosure of the vertical dimension with a subsequent unaesthetic loss of facial height, pseudoprognathism, and upward inclination of the occlusal plane. Up to 25% of patients with CLP develop a maxillary hypoplasia, which cannot be treated orthodontically alone but requires orthognathic surgery procedures to achieve aesthetic and functional results. 1,7Y9 The traditional treatment that has been proposed to reestablish adequate anteroposterior relationship is the ''standard'' Le Fort I osteotomy and advancement, which has been demonstrated to be an unstable procedure because of scarring forces, 8, 10, 11 whereas the following 3 standard procedures have been described in correcting transverse palatal width discrepancies: (1) segmental Le Fort I osteotomy, (2) surgically assisted, and (3) orthodontic rapid palatal expansion.
12Y20
Distraction osteogenesis, first described for orthopedic surgery, has incontestably been advocated asan effective technique in the management of several craniofacial deformities. In patients with CLP, this technique dramatically changed the management of severe anteroposterior maxillary deficiency. Distraction osteogenesis allows for a progressive bonegeneration accompanied by a simultaneous expansion of the surrounding soft tissue envelope, which contributes to better long-term stability of the reconstruction, lessening the risk of relapse. 3, 6, 21 This is an important issue, especially in the management of patients with cleft palate because of the tremendous soft tissue tensions due to scar contracture resulting from multiple surgical interventions. Although the risk of relapse has been reported to be reduced with the use of interpositional bone graft between the maxillary tuberosity and the pterygoid plates, 8, 10 as high as 40% to 60% of the patients with CLP treated by the traditional Le Fort I advancement still show a mean postoperative horizontal skeletal relapse between 20% and 25%. 11 The first report of successful midface advancement by gradual distraction in patients with CLP by Cohen et al 22 and his associates dramatically changed the concepts of craniofacial reconstruction and especially in patients with CLP presenting severe maxillary hypoplasia.
Since then, maxillary distraction has become a reliable procedure in the management of maxillary deficiencies in patients with CLP, and the success of this treatment has been well documented.
23Y44
Moreover, DO is an extremely attractive technique in growing children who present a functional and esthetically handicapping maxillary hypoplasia and for whom the wait for the end of skeletal growth to undergo definitive conventional orthognathic surgery can be psychologically unbearable.
The following 2 techniques of maxillary distraction have been described in patients with CLP:
1. external distraction (face mask and rigid external distractor) and 2. internal distraction.
A review of the literature reporting the use of these specific procedures will be presented. Part I will be devoted to the external distraction techniques used exclusively to manage the maxillary anteroposterior deficiency in patients with CLP. Part II will focus on internal distraction techniques used to correct both maxillary transverse and anteroposterior deficiencies.
METHODS

L
iterature search has been performed using the PubMed database of the National Library of Medicine and National Institutes of Health from 1966 to August 2007. We used cleft lip and palate and distraction osteogenesis as key words. Of the 104 articles found, we only considered the Anglo-Saxon literature, which reported on the correction of the maxillary hypoplasia with DO techniques. A total of 32 studies reported on anteroposterior external DO (27 studies on rigid external device [RED] and 5 on face mask), 17 studies reported on anteroposterior internal DO, and 3 studies reported on transverse internal DO have been retained for this review.
RESULTS
Part I: External Distraction
Face Mask Distraction
The use of a facial mask was first reported by Molina et al 3 and was largely inspired by the Delaire reverse face mask, originally conceived to orthopedically advance the maxilla in growing children presenting severe maxillary retrusion and class III malocclusion. The purpose of the face mask distraction is to protract the previously osteotomized maxillaVusually a Le Fort I osteotomyVexploiting the distraction forces delivered by elastic bands attached between the anterior hooks soldered on an intraoral arch with the hooks on the arch of the mask supported by the forehead and chin (Table 1) .
Technique and Protocol
A high-level Le Fort I osteotomyVjust below the infraorbital foramen and lateral extension to the anterior prominence of the zygomatic boneVto avoid injuring the unerupted molar buds was the most common technique performed in children in the deciduous or mixed dentition phase. After a period of latency ranging from 3 to 5 days, distraction was started with elastic external forces from 700 to 900 g until the desired maxillary position, slightly overcorrected, was achieved (usually from 2 to 3 weeks). The retention period varied from 3 to 6 months. 3, 5, 21, 45, 46 Skeletal Advancement Only 2 studies have reported on actual maxillary advancement by measuring the advancement of skeletal point A. Polley and Figueroa 23 found a mean of 2.8-mm A point advancement compared with the average of 11.6 mm for patients who underwent rigid external distraction. Swennen et al 5 only found a mean of 1.7-mm A point advancement, accompanied by a significant dentoalveolar compensation (upper incisors labial tipping), which allowed for the correction (masquage) of the anterior cross-bite. This last observation clearly shed light on the limits related to the use of teeth as a support for distractions and thus the need for a skeletal anchorage to adequately transfer the distraction forces to the bone.
Mitigated results demonstrating that this technique allows only for a limited control of the distraction forces, producing only a partial and an insufficient correction of the horizontal maxillary deficiencies (maximum, 6 mm), have been reported by Figueroa et al. 21 This was despite the initial encouraging results presented by Molina et al 3 (skeletal advancement up to 12 mm), which unfortunately have never again been confirmed by other studies. One of the reasons evocated by Swennen et al 5 to explain this striking divergence of results is that, on one side, Molina et al 3 performed an incomplete Le Fort I osteotomy without a pterygomaxillary disjunction in children during mixed dentition, whereas on the other side, his team and others have performed the same surgical procedure but in older children or adolescent with permanent dentition and an almost completed maxillary growth. Some authors suggested that, in older children, the new bone deposition at the pterygomaxillary suture following distraction is less important, thus preventing a suitable maxillary advancement. 32 Given its unpredictability and unreliability, this technique has thus been progressively modified and replaced by the rigid distraction techniques, which will be discussed in the next paragraph.
Soft Tissues Changes
A global improvement in facial aesthetic as a result of a more convex facial angle and a more harmonious and balanced upper lip, upper incisor, and nasal region relationship have been reported in all the studies found in the literature. The nasolabial angle and the upper lip are the anatomic regions most strongly influenced by the anterior or posterior surgical repositioning of the maxilla. The main changes accompanying this procedure are an increase in the nasolabial angle (mean, 2.8 mm), the anterior upper lip projection (mean, 5.55 mm), and an improved lips relationship. 3, 5, 21, 45, 46 Stability and Relapse
Molina et al
3 are the only authors to give information on relapse. They concluded that no significant relapse was observed during the 3 years of maximum followup, without giving any details about the parameters analyzed.
Velopharyngeal Function
Molina et al 3 are once again the only ones who reported on velopharyngeal function. They found no alteration of the sphincter function postoperatively in any of the patients, except for a small group presenting with a preoperative velopharyngeal incompetence, which was improved after the maxillary advancement.
Complications
No complications have been reported with this technique.
Rigid External Distraction
The RED was developed by Polley and Figueroa 23, 24 and represented the logical reply to the limited predecessor, the face mask device. The RED is composed by an external bow, which is fixed to the cranium by screws, and by a custom-made intraoral splint cemented to the maxillary first molars. External traction hooks with eyelets are soldered to the splint, allowing the connection with the external device via the surgical wires. The placement of these eyelets in relationship to the center of the mass of the maxilla, which is considered to be located at the apex of the maxillary premolars, determines the horizontal and vertical maxillary movement. When the force is applied at the center of resistance of the maxilla, it is expected that the maxilla will move along the force without any rotation. If the same force is applied below, a counterclockwise rotation will be expected with a tendency to an anterior open bite. If the force is applied above, a clockwise rotation will be expected with a tendency to a posterior open bite. 47 The main advantages offered by the RED, compared with the previously described technique, are its ability to adjust the orientation of the distraction's vector during all the duration of the distraction period and its being easy to install and remove. The main disadvantage is that the device is physically and socially inconvenient and uncomfortable and thus sometimes psychologically unbearable for children to assume with regard to peers or school (Tables 2 and 3) . 21 ,23,24,37
Technique and Protocol
As for the previous technique, high-level complete Le Fort I was found to be the most commonly performed osteotomy, followed by the standard Le Fort I and, exceptionally, by the 3-piece Le Fort I osteotomies.
After a latency period of 3 to 5 days after the osteotomy, maxillary distraction was usually started at the rate of 1 mm/d most of the time with two 0.5 mm twice a daily. In most cases, the planned maxillary advancement was obtained in 2 to 3 weeks of active distraction. After completion of the active distraction phase, the device was usually kept in place passively for retention 2 to 3 weeks (range, 2Y12 weeks), followed by an additional 4 to 6 weeks of night wearing of a face mask elastic traction (range, 4Y12 weeks). Such a long consolidation period was capital to guarantee a better long-term stability, thus lessening the risk of skeletal relapse.
23Y42,44,48
Skeletal Advancement Linear changes. Most of the studies described only sagittal maxillary advancement without mentioning the vertical changes. The horizontal maxillary advancement usually measured as the advancement of the point A ranged from 8 to 15 mm, whereas the vertical downward movement ranged from 1.6 to 13 mm. Angular changes. The SNA angle increase ranged from 6.75 to 12.2 degrees, whereas the angle increase ranged from 8 to 10.8 degrees. 23, 24, 27, 30, 31, 35, 37, 40, 42, 44 THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 19, NUMBER 5 September 2008
Soft Tissue Changes
As for the face mask technique, the main changes accompanying this procedure were located in the nasal region and the upper lip, with improved global facial aesthetic and balance. The vermilion border of the upper lip typically advanced horizontally with a rotational and translational movement around subnasal following the upper incisor in a soft-to-bone tissue ratio ranging from 0.6:1 to 0.8:1 and accompanied by a reduction of the upper lip thickness. 27, 49 The nasal effects implied the increase of the nasolabial angle, of the nasal projection, and of an upward nasal tip movement with a nasal tipYtoYanterior nasal spine ratio 27, 49 of 0.53:1 to 0.57:1. The soft tissue A point has been found to advance almost as the bony A point 27, 49 in a ratio ranging from 0.83:1 to 0.96:1. A backward movement of the soft tissue B point and pogonion in a ratio of, respectively, 0.64:1 and 0.72:1 have also been reported. 27 , 49 The results have been found to be stable, with only minor changes on the long term.
23Y28,30,31,49
Stability and Relapse
In most studies, skeletal movement has been reported to be stable, with no quantitative and qualitative details about the vertical and horizontal parameters. Moreover, the lack of standardization of cephalometric landmarks and references planes used for measurements regrettably prevents a coherent comparison and interpretation of the results across studies.
Linear Changes. Suzuki et al 34 found that dentoskeletal relapse in both vertical (mean, 53.7%) and horizontal (22.3%) planes occur during the 6 months after surgery, with no significant changes during the next 6 months, suggesting that dentoskeletal stability probably takes place only 6 months after surgery. Cho et al 42 found approximately the same results: a mean of 20.7% horizontal relapse in the 6 months after distraction and 23% in the 1-to 6-year period distraction, confirming that most relapse occurred within the first 6 months after distraction. Figueroa et al, 37 using different parameters, found no statistically significant changes of the horizontal position of the maxilla relative to a vertical reference plane passing through the sella point and perpendicular to the Sella-Nasion plane 2 or more years after the distraction. On the other hand, they found an increase in the vertical position of the maxilla corresponding to the 50% of the immediate postdistraction value. When, as reported in the original description, the traction forces are delivered to the bone through a dental anchorage (maxillary molars and incisors), some undesirable and unsuitable dental compensation such as proclination and/or vertical extrusion of the maxillary incisors can potentially occurVas found with the facial mask techniqueVand compromise the stability, given the high propensity of the dental movement to relapse. Although, according to Polley and Figueroa, 23, 24 dental compensation is usually minor and not statistically significant, it is nevertheless responsible for a significant postoperative dentoskeletal relapse for others (up to 50% of cases). 28, 44 To obviate to these dental inconveniences, some authors have proposed to use skeletal anchorage using either wires placed through drill holes on the paranasal buttress or miniplates placed on the zygomaticomaxillary or paranasal buttress. 28, 44 The main advantage resulting from this technique is the direct transfer of the distraction's forces to the bone, with no dentoalveolar compensation and thereby a 1:1 dentoskeletal ratio. The main problem to overcome when using miniplates as skeletal anchorage is related to the placement of the miniplates, which is often difficult to achieve due to the extremely thin bone and the risk of interferences with tooth buds. Moreover, a further operation is also necessary to remove the plates.
Angular Changes. Figueroa et al 37 found a 23.5% relapse rate in the SNA angle 2 or more years after the distraction. According to the authors, this result would result more from the normal growth of the nasion rather than from a true skeletal relapse, as confirmed by the length increase of the maxilla. Cho et al 42 found a 13.5% relapse rate 6 months postoperatively and only a 0.3% relapse rate in 1 to 6 years postoperatively.
Velopharyngeal and Nasorespiratory Functions
The impact of the maxillary distraction on velopharyngeal and nasorespiratory functions has been mainly reported using the RED. Velopharyngeal insufficiency and/or speech difficulties after maxillary advancement are well-known complications, essentially reported in patients with borderline function preoperatively and undergoing large standard Le Fort I advancement (910 mm). This is probably due to the anterior displacement of a scarred and immobile soft palate, which creates a large gap between the palate and the pharyngeal wall and worsens the velopharyngeal function, especially the hypernasality. 50 On the other hand, it has been hypothesized that Le Fort I distraction advancement, allowing for a progressive movement of the maxilla, favors an adaptation of the velopharyngeal structures, given that the palate is advanced in small increments of 1 mm/d. The maximum amount of distraction advancement, beyond which a deterioration of the velopharyngeal would occur, has been reported to be 15 mm by some authors and 10 mm for conventional osteotomies by others. 50 Unfortunately, because of the disparity of the parameters analyzed, a comparison across different studies is not reliable.
36,50Y53
Velopharyngeal Function. An unchanged velopharyngeal function has been the most common outcome reported following distraction, despite the amount of advancement. Worsening in hypernasality and in articulation ranged, respectively, from 11% to 17% and from 6% to 14%, whereas improvement in articulation has been reported in up to 70% of the cases.
It has also been found that the deterioration of hypernasality was related to the amount of forward distraction, especially in patients without preexisting pharyngoplasty, and that the preexisting pharyngoplasty did not limit the amount of forward distraction nor did it contribute to the relapse of the maxillary advancement. 36, 54 Moreover, the following anatomic changes have been found to allow for a better function and speech: increase of the nasopharyngeal 
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space favoring nasal breathing, verticalization of the nasal septum, improvement of the Eustachian tube function, increase of oral space, and improvement of dental relationship and occlusion. 51 Concerning changes in speech, the most important improvement was observed on phonemes with alveolar and palatal placements and with a fricative manner of production. These results are similar to those found with conventional orthognathic maxillary advancement. 52 Nasorespiratory Function. Studies about nasorespiratory changes are limited and incomplete. Saito et al 54 found that the total resistance of the nasopharyngeal airway measured by the posterior-nozzle method was increased in patients with CLP, with a significant decrease 1 year after the distraction. On the other side, they found that the nasal resistance measured by the anterior-nozzle method was similar in cleft and noncleft patients. Moreover, the patients reported a subjective improvement of nasal function, which was positively correlated with the objectives changes. 36, 54 Other studies have shown that the anteroposterior dimension of the superior part of the upper airway increased and nasal resistance decreased with DO Le Fort advancement. 
Complications
Minor complications such as a scalp osteitis, device failure, skin irritation, epistaxis, and temporomandibular joint dysfunction pain have been reported. 56 On the other side, Lo et al 57 reported 2 cases of blindness, which were related to the Le Fort I osteotomy rather than the distraction process, and De Zutter et al 58 reported a case of postoperative diplopia.
Part II: Internal Distraction
Anteroposterior Distraction
In 1997, Cohen et al 22 first reported on maxillary distraction in patients with CLP using an internal miniature distractor. Since then, continuing efforts are being directed at developing miniaturized internal multidirectional devices capable of reproducing as accurately and reliably as possible the ideal and suitable 3-dimensional movement of the maxilla. The main advantage of the internal distractors is that they are less cumbersome and thus socially and psychologically better tolerated than the external devices. 59, 62 The following disadvantages have been described in the literature: (1) inability to change the vector during the distraction phase, (2) difficulty in placing the right and left distractors parallel to each other, (3) discomfort related to the stretch of the buccal tissues by the distractor's rods, (4) limitation of the distraction's length, and, finally, (5) the need for a second operation to remove the devices.
59Y62
Moreover, presurgical planning and simulation on a ,, downward movement of the maxilla; Y, expansion of the maxilla; ?, not specified; %, percentage of the relapse (not specified if skeletal or dental); ANS, anterior nasal spine; U1, incisal border of the upper central incisor; y, yes. *Not specified if skeletal or dental.
stereolithographic model are usually necessary to determine the desired vectors of the maxillary advancement and to visualize the bone thickness and decide where the bone cut should be made and where the distractors should be placed. The preoperative planning can also be simulated using specific computer softwares, which allow for 3-dimensional craniofacial reconstruction from computed tomography scan images and virtual manipulation such as Le Fort I osteotomy or placement of virtual distractors (Tables 4 and 5 ).
Technique and Protocol
The standard level Le Fort I osteotomy was the most used technique, probably because the patients treated with this technique were older than those treated with RED, and thus, given the absence of tooth buds, a high-level osteotomy was not necessary.
59Y73
Skeletal Advancement Linear Changes. Most of the studies described only sagittal maxillary advancement without mentioning the vertical changes. The horizontal maxillary advancement usually measured as the advancement of point A ranged from 11.83 to 34 mm, whereas the vertical downward movement ranged from 1.1 to 9 mm. 59, 61, 66, 72, 73 Angular Changes. The SNA angle increase ranged from 6.75 to 12.2 degrees, whereas the ANB angle increase ranged from 7.25 to 14 degrees.
59Y66,69,73
Soft Tissues Changes
Although all the studies have unanimously reported an improvement in facial aesthetic, especially in the nasolabial area, more detailed information concerning the soft and hard tissue ratio was lacking. 
59Y73
Stability and Relapse
Most of the studies reported either stable results in linear and angular changes or no information on skeletal relapse.
Linear Changes. Kumar et al 62 found a 1.8% horizontal relapse rate (in 15% of patients) and no statistically significant changes on the vertical position of the maxilla, with a 16.2-mm mean horizontal change more than 1 year after the distraction with the KLS Martin Zuerich distractors. Cheung et al 43 found a further forward 9% horizontal and downward vertical 4% movement 1 year postoperatively with the Synthes distractors. Gateno et al 61 reported a mean 31% horizontal relapse and no vertical changes. Moreover, they observed that the relapse occurred primarily during the consolidation phase and in patients presenting with an overbite at the end of the distraction. They concluded that a positive overbite could probably be an important parameter in diminishing the amount of relapse. Rachmiel et al 59 found a 6% relapse rate and no vertical changes 1 year after distraction. Gulsen 22 Denny 67 Yamaji et al 73 Gateno et al 61 Kessler et al 63 Karakasis et al 68 Rachmiel et al 59 Kumar et al 62 ?, not specified; AMS, anterior mandibular subapical osteotomy; BSSO, bilateral sagittal split osteotomy; BVSO, bilateral vertical subsigmoid osteotomy; CL, cleft lip; CP, cleft palate; y, yes.
Velopharyngeal and Nasorespiratory Functions
Unfortunately, only few and scattered informations are available on this topic, which is insufficient to draw definitive conclusions.
62,72
Complications
Minor mucosal infections around the distractor's rods have been found to be the most current complications.
22,43
Transverse Distraction
Maxillary transverse deficiency associated with dental cross-bite in patients with unilateral cleft lip and palate (UCLP) after alveolar bone grafting is also an undesirable and challenging complication. 4, 6 Classic therapeutic options proposed for expanding the palatal vault or maxilla in noncleft patients presenting with severe transverse maxillary deficiencies and posterior dental cross-bite include orthodontic rapid palatal expansion in growing children (usually below 12 years) and either surgically assisted rapid palatal expansion (SARPE) or segmental Le Fort I osteotomy in adults.
12Y20
Conventional SARPE, performing a subtotal Le Fort I osteotomy and using a tooth-borne appliance (Hyrax), has been proven to be a simple, safe, and stable procedure compared to a segmental Le Fort I osteotomy for correction of maxillary transverse width discrepancies in adults. 12Y17 Studies have shown that maxillary skeletal expansion by SARPE results mainly from lateral rotation of the 2 maxillary halves rather than a truly horizontal expansion, thus increasing the risk of a skeletal relapse. 19, 20 The other traditional problems described with the SARPE are root resorption, bone fenestration, gingival recessions, periodontal compression, buccal tooth tipping, or extrusion, which results from the heavy orthopedic forces transmitted to the dental tissues and periodontal attachment. Classic problems associated with the segmental Le Fort I osteotomy are mainly related to the high rate of relapse, the risk of palatal blood supply compromise and periodontal defects. 18 In 1999, Mommaerts et al 74 first reported a new method of maxillary expansion using a transpalatal multicomponent boneYanchored distractor (TPD). Three main advantages result from this technique. First is the direct transmission of the forces to the bone, thus avoiding any orthodontic movement. The second advantage concerns the possibility of changing the amount of the distraction during the activation phase, simply by changing the telescopic distractor module given that 4 different sizes are available. The third advantage is the possibility of using the teeth for multibracket alignment immediately after the treatment during the retention phase. Disadvantages concern primarily the risk of loosening or loss of functional components such as the abutment plates or the distractor module by Pinto et al. 75, 76 To the best of our knowledge, the only other bone-borne distractor is an epimucosal single-component distractor (Magdeburg), which was described by Gerlach and Zahl 77, 78 This is an interesting appliance that eliminates the problems associated with a multipiece distractor, but it exists in only 1 size, thus eliminating the possibility of changing the amount of the distraction during the activation phase. ,, downward movement of the maxilla; Y, expansion of the maxilla; ?, not specified; %, percentage of the relapse (not specified if skeletal or dental); ANS, anterior nasal spine; U1, incisal border of the upper central incisor; y, yes. *Not specified if skeletal or dental.
In patients with UCLP, the maxillary collapse occurs primarily in the anterior part of the lesser segment at the level of the canine-premolar region. For this reason, in those particular cases, the vector of the distraction should ideally be slightly oblique and not perpendicular to the midline palatal suture similar to the maxillary constriction in noncleft patients. This vector can be achieved by placing abutment plates of the TPD asymmetrically, which allows a greater expansion of the more collapsed anterior than the posterior part of the maxilla. Of course, the asymmetric placement is limited by the risk of loosening the abutment plate screws during the activation period. Conversely, this asymmetrical distraction would not be possible using a single-piece distractor such as that of Magdeburg. The only case of transpalatal distraction using the transpalatal distractor described by Mommaerts et al in a patient with UCLP was reported by Swennen et al 6, 75 Unfortunately, they did not give any details about the number of patients treated, skeletal movement, stability and relapse, and complications.
Since 2002, we performed this technique in 8 patients with UCLP who had undergone successful secondary alveolar bone grafting. 79 The mean age of the patients was 13.9 years (range, 13Y15 years). Maxillary expansion of 6 to 10 mm with a mean of 7.2 mm was performed. The time of follow-up ranged from a minimum of 2 years to a maximum of 5 years, with no skeletal relapse. All of the patients experienced a satisfactory palatal expansion and correction of the dental cross-bite without major complications. We did not note any device failure or fractures. In no cases were unerupted molar buds injured during the subapical osteotomy, and we did not note any dental necrosis due to a screw within the dental root. We had a complication in one patient who experienced an abutment plate loosening at the end of the activation period probably because of excessive asymmetric placement of the module. 
DISCUSSION
T he reason we finally decided to perform a ''narrative'' rather than a statistical systematic review was based on the following methodological limitations, which, in our opinion, prevented a robust comparison between studies and thus the possibility to perform a well-conducted and conclusive metaanalysis. 80 The first and by far certainly the most important limitation was the absence of controlled trials with proper randomization, which is the condition Sine qua non of every meta-analysis. Most of the time, the studies were retrospective and nonrandomized and therefore highly subject to potential bias. Moreover, information on the design of the studies, with clearly predetermined end points, was completely omitted or too vaguely defined.
Secondly, there was a too large proportion of case reports or studies with an improper sampling, such as small sample size, too wide age distribution, no differentiation between the different types of cleft, and so forth. Thirdly, a lack of standardization of the cephalometric landmarks used for the evaluation of the maxillary movement, which are crucial both in determining the treatment's efficiency and in evaluating the treatment's stability on the long term. Finally, either the statistical analysis of the results was absent or the method was not specified. These limitations make any combination of results, which need to be considered in any review, difficult and inappropriate, thus preventing an observational study of the evidence to be conducted. In fact, the purpose of any review should be the integration of several independent combinable studies to obtain an answer to a specific question, thus helping clinicians in making rational decisions about the management of a specific problem.
Despite the absence of a true meta-analysis, the literature reviewed has allowed for the following observations. The choice between a standard Le Fort I advancement and a Le Fort I distraction procedure in reestablishing a normal maxillary anteroposterior relationship in patients with CLP is largely dependent on the amount of maxillary movement. According to the literature, the actual tendency is to propose a gradual advancement after a Le Fort I osteotomy by using DO if the maxillary deficiency is more than 6 mm in patients with CLP and more than 10 mm in noncleft patients. 56 In patients with CLP undergoing a maxillary advancement of more than 6 mm by traditional orthognathic procedures, a combined movement of mandibular set back is usually necessary to achieve a stable occlusion and to prevent the relapse. 56 This review has shown that Le Fort I distraction (1) is a reproducible and valuable alternative to standard orthognathic surgery procedures, (2) allows for a global improvement in facial aesthetic, (3) allows a maxillary correction in patients during the period of mixed dentition, and (4) allows either for an unchanged or better velopharyngeal function. Nevertheless, the patient must be completely cooperative and compliant regarding the daily activation of the device, as well as the frequent postoperative clinical controls needed to check the correct maxillary advancement. The main technical disadvantage is the almost impossibility of obtaining a stable class I occlusion at the end of the distraction period such as with the standard Le Fort I procedure using an intraoperative splint.
CONCLUSION
A lthough further well-structured controlled studies allowing for more robust resultsVespecially on the long termVare needed, the current review showed that the DO has become a reliable and accurate technique in managing severe maxillary hypoplasia in patients with CLP.
